Introduction
PPE is designed to provide health care providers with protection from hazardous materials. Hazardous materials can enter our bodies via 3 main routes: by inhalation, ingestion and direct contact.
Inhalation occurs when healthcare providers breathe in chemical fumes or vapours. Respirators are designed to protect the wearer from contamination by inhalation. However, they must be properly worn to ensure protection.
Ingestion occurs when health care workers transfer hazardous materials from his hand or clothing to his mouth. This occurs when they wipe their mouth with their hands, eat or drink. Protective garments are used to protect the skin and full-face respirators are used to protect against ingestion and eye contact.
Respiratory protection
Respiratory hazard can be due to 5 major groups: 3 (1) gases and vapours (2) particulates including dusts, fumes and mists (3) combination of particulates and gases (4) oxygen-deficient atmosphere (5) high or low temperature areas There are two basic types of respirators: air-purifying and atmosphere supplying. 4 Atmosphere-supplying respirators include self-contained breathing apparatus (SCBA) and supplied-air respirators (SAR). (Figure 1) 
Air-purifying respirators (APRs)
An air-purifying respirator purifies air by passing it through a filtering element before inhalation. The major advantage of this system is that it increases the mobility of the wearers. 4 It is also lighter in weight than SCBA, generally weighs 2 pounds or less. However, it cannot be used in insufficient oxygen (<19.5%) or in surroundings where contamination level above immediate dangerous to life and health (IDLH) conditions. 4, 5 It has limited duration of protection and only protects against specific chemicals and up to specific concentrations. Therefore, APR should only be used against gas and vapour contaminants with adequate warning properties. 3, 4 If used against specific vapour or gases, it is ideal that the unit has an end-of-service-lifeindicator (ESLI). 4 APRs can be full-face or half-face. Half-face APR cover only the mouth and nose and does not cover the eyes. It is easier to use and more comfortable to wear and have no peripheral vision restriction. 2, 4 However, it does not provide any eye protection, so the wearer must require some form of eye protection. Furthermore, the respirator does not ususally fit the face as closely as a full-face mask. Full-face mask has the advantage of tighter seal than half-face mask. 4 It provides full coverage to eyes and face with additional nose cup to reduce fogging. However, even with the nose cap, fogging is a great concern as there is no means of defogging. Also peripheral vision is limited when using a full-face APR.
There are 3 basic types of APRs used by emergency personnel: chemical cartridges or canisters, disposable and powered air-purifiers. 1, 3 Chemical cartridges or canisters are the most common APR used. They purify air by chemical reaction, filtration, adsorption, or absorption. They are d e s i g n e d f o r s p e c i f i c m a t e r i a l s a t s p e c i f i c concentrations. The manufacturers have colour-coded cartridges and canisters to indicate the chemical or class of chemicals for which the device is effective. National Institute of Safety and Health (NISOH) recommends the use of a cartridge not to exceed one work shift. If breakthrough of the contaminant occurs, it must be replaced immediately. 3 After use, cartridges and canisters should be considered contaminated and disposed of accordingly.
Disposable APRs are usually designed for use with particulates, such as asbestos, although some are approved for use with other contaminants. 2 They are usually half-mask with no eye protection. This type of APR depends on a filter to trap particulates. Filters can be used in combination with cartridges and canisters to provide additional protection.
Powered Air-Purifying Respirators (PAPRs) are usually battery-driven where air is continuously driven through a filter before entry into the face mask.
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has the advantage that facemask can be designed to improve the seal, thus reducing inhalation injury. PARS usually come with either full facemasks or pullover hood system.
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Atmosphere-supplying respirator It provides the highest available level of protection against airborne contaminants and oxygen deficiency. It allows workers to work in condition where concentration and type of contaminant is not known yet. 6 Encountering contaminants above the level of IDLH is not a problem. 7 It also provides positive pressure within the mask.
However, it is bulky and heavy (up to 35 pounds) with finite air supply (30-60 minutes). 4 It may also impair movement in confined spaces. Maintenance of this equipment is more expensive.
Atmosphere-Supplying Respirators consist of 2 basic types: the self-contained breathing apparatus (SCBA) and supplied-air-respirator (SAR).
Self-contained breathing apparatus (SCBA)
SCBA respirator is composed of a facepiece connected by a hose to a compressed air source. There are 3 varieties of SCBAs: open-circuit, closed circuit, and escape.
Open-circuit SCBAs are most common. They provide clean air from a cylinder to the wearer, who exhales into the atmosphere. Closed-circuit SCBAs are also known as rebreathers, recycle exhaled gases and contain a small cylinder of oxygen to supplement the exhaled air of the wearer. It can last longer than the open-circuit type.
Escape SCBAs provide air for a limited amount of time and should only be used for emergency escapes only.
The most common SCBA is the open-circuit, positivepressure type. 5 Air is supplied to the wearer from a cylinder and enters the facepiece under positive pressure. Thus a higher air pressure is maintained inside the facepiece than outside. This offer the highest level of protection against airborne contaminants as any leakage in the facepiece will force the contaminant out. 
Supplied-air respirators (SARs)
In this type, air is supplied through a line that is connected to a source away from the contaminated area. Air is supplied under positive pressure. It protects the wearer against airborne contaminant and has the major advantage over SCBA in that it allows workers to work for longer period of time and it is less heavy and less bulky. 4 However, using SARS are not without problems. SARs require the air source to be in close proximity to the work area (within 300 feet). 2 The worker must retrace steps when leaving the work area. If the length of the hose is increased the minimum approved airflow may not be delivered to the facepiece. The airline is v u l n e r a b l e t o d a m a g e a n d d e g r a d a t i o n s . 4 Decontamination of the air supply hose is difficult. Close monitoring of the air supply line is necessary. If it is use in IDLH or oxygen-deficient atmosphere, the wearer must have an emergency escape supply of air (escape SCBA) in case the air line fails. 
Chemical protective clothing (CPC)
Protective clothing is designed to prevent direct contact of a chemical with skin of body of user. As no single material will protect against all chemical contaminants, so a multi-layered garment is used. CPC is designed to afford the wearer protection from a known type, a known concentration, and a known length of exposure to hazardous material, only if it is properly fitted and worn. 1 Most CPC is impermeable to moisture and thus limit the heat transfer from the body of the wearer to outside through evaporation. This is particularly significant in hot environment or for strenuous exercise. Cooling vests are sometimes used in warm weather conditions to cool down the body temperature. New lightweight suits that are breathable but still offer the same protection are under study.
In addition to CPC, chemical resistant boots with steel toe and shank, together with chemical resistant inner and outer gloves are essential. Wearing multiple layers of gloves impairs dexterity and makes performing basic life support skills like checking pulse and breathing very difficult.
The effectiveness of CPC can be reduced by three actions: degradation, permeation and penetration. Penetration occurs when there is an opening or a puncture in the protective material. These openings include unsealed seams, buttonholes, and zippers.
Levels of protection
Depending on the respiratory protection and the type of protective clothing, PPE protection can be divided into four levels: 2 ( Figure 2) Level A Level A protection should be worn when the highest level of respiratory, skin, eye, and mucous membrane protection is required. It consists of a fullyencapsulated, vapour-tight, chemical-resistant suit, chemical-resistant boots with steel toe and shank, chemical-resistant inner/outer gloves and hard hat.
Oxygen is provided by a pressure-demand, full facepiece SCBA, or pressure-demand supplied-air respirator with escape SCBA. 4 It should be worn when the chemical substance has been identified and requires the highest level of protection for skin, eyes and respiratory tract; or operations in which there is a high potential for splash, immersion, or exposure to unexpected vapours, gases or materials that are harmful to skin and respiratory system. It should be used when the type and atmospheric concentration of substances have been identified and require a high level of respiratory protection but less skin protection. Examples are atmosphere with IDLH concentration of chemical contaminant but does not represent a skin hazard or in situation where the atmospheric oxygen is <19.5%.
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Level C Level C protection should be selected when the type of airbone substance is known, concentration is measured, criteria for using APRs are met, and skin and eye exposures are unlikely. It provides the same degree of skin protection as Level B, but with a lower level of respiratory protection. It consists of a full facepiece with APR and chemical resistant clothing.
It should be used in atmosphere with no known inhalation hazard and the atmosphere must contain at least 19.5% oxygen.
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Level D
Level D protection is primarily a work uniform. It provides no respiratory protection and minimal skin protection. It should not be worn on any site where any respiratory or skin hazards exist. 
Conclusion
Medical personnel wearing PPE are likely to encounter a number of problems, including limited visibility, reduced dexterity, claustrophobia, restricted movement, suit breach and dehydration. 11, 12 Only those who are physically fit and have met the training requirements should wear PPE during an Hazmat incident. Proper donning and doffing procedures must be followed. Medical evaluations should be done on all personnel both before and immediately after their use of PPE. A safety officer must closely monitor all personnel working in PPE. An emergency distress signal should be identified before personnel dressed in PPE enters the work zone. 12 Training in the use of PPE is very important. Personnel must demonstrate sufficient experience a n d c o m p e t e n c y b e f o re t h e y c a n e n g a g e i n responding to Hazmat incidents. 11 The two basic objectives of any PPE program is to protect the wearer from health hazards and to prevent injury t o t h e w e a r e r f r o m i n c o r r e c t u s e a n d / o r malfunction of the PPE. Therefore, the program should include: hazard identification; medical monitoring; environmental surveillance; selection, use, maintenance and decontamination of PPE; and most important of all adequate training.
